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Inventor Name Search Result 

Your Search was: 

Last Name = SAKURADA 
First Name = MAS AfflRO 



AjppJication# 


Patent# 


Status 


Date Filed 


Title 


Inventor Name 


08498894 


5609682 


150 


07/06/1995 


A METHOD FOR THE 
PREPARATION OF SIT ICON 
SINGLE CRYSTAL 


SAKURADA, 
MASAHTRO 


08565100 


5667584 


150 


11/30/1995 


METHOD FOR THE 
PREPARATION OF A SINGLE 
CRYSTAL OF SILICON WITH 
DECREASED CRYSTAL 
DEFECTS 


SAKURADA, 
MASAHIRO 


08655810 


5817171 


150 


05/31/1996 


APPARATUS AND METHOD 
FOR PRODUCING SINGLE 
CRYSTAL USING 
CZOCHRALSKI TECHNIQUE 


SAKURADA 
MASAHIRO 


08660198 


5728211 


250 


06/03/1996 


SILICON SINGLE CRYSTAL 
WITH LOW DEFECT 
DENSITY AND METHOD OF 
PRODUCING SAME 


SAKURADA, 
MASAHIRO 


f\ f» s~ f S" s" r a 

08666654 


5704973 


150 


06/18/1996 


AN APPARATUS AND 
METHOD FOR THE UNIFORM 
DISTRIBUTION OF CRYSTAL 
DEFECTS UPON A SILICON 
SINGLE CRYSTAL 


SAKURADA, 
MASAHIRO 


08768282 


5730800 


150 


12/17/1996 


FUSED SILICA GLASS 
CRUCIBLE 


SAKURADA, 
MASAHIRO 


08798472 


5948163 


250 


02/10/1997 


APPARATUS FOR 
MANUFACTURING 
CRYSTALS ACCORDING TO 
THE CZOCHRALSKI 
METHOD, AND CRYSTALS 
MANUFACTURED BY THE 
MANUFACTURING METHOD 


SAKURADA, 
MASAHIRO 


09090400 


5938842 


150 ; 


06/04/1998 


METHOD FOR PRODUCING A 
SINGLE CRYSTAL USING 
CZOCHRALSKI TECHNIQUE 


SAKURADA, 
MASAHIRO 
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09125339 


6071337 


150 


08/13/1998 


APPARATUS AND METHOD 
FOR PRODUCING CRYSTALS 

DV THP fVOPWR AI Qk'T 
d I 1 tic ^ZjvJ^rliV/\Lois.l 

METHOD AND CRYSTALS 
PRODUCED BY THIS 
METHOD 


SAKURADA, 
MASAHIRO 


09232561 


6174364 


1 SO 


01/1 S/1999 


MFTHnn for ppnni Tprwn 

SILICON MONOCRYSTAL 
AND SILICON 
MONOCRYSTAL WAFER 


<5 Al<fT TP AHA 

MASAHIRO 


09328278 


6190452 


150 


06/08/1999 


SILICON SINGLE CRYSTAL 
WAFER AND METHOD FOR 
PRODUCING IT 


SAKURADA, 
MASAHIRO 


09646713 


6565822 


150 


09/21/2000 


EPITAXIAL SILICON WAFER, 
MFTHOD FOR PRODI TriNfi 

THE SAME AND SUBTRATE 
FOR EPITAXIAL SILICON 
WAFER 


SAKURADA, 

MASAHIRO 


09727275 


6482260 


150 


11/30/2000 


SILICON SINGLE CRYSTAL 
WAFER AND A METHOD FOR 
PRODUCING IT 


SAKURADA, 
MASAHIRO 


10204935 


691 "*646 


1 SO 


08/97/900? 


WAFER AND METHOD FOR 
PRODUCING SILICON 
SINGLE CRYSTAL 


Q A V T ID AHA 

MASAHIRO 


10319921 


yjoy J777 


1 so 


19/96/9009 


Oll_,l^VjlN iMiNVJLiI-, V^IV lol r\Li 

WAFER AND METHOD FOR 
MANUFACTURING THE 
SAME 


QAk'TIP AHA 

MASAHIRO 


10500580 


7129123 


150 


07/01/2004 


AN SOI WAFER AND A 
METHOD FOR PRODUCING 
AN SOI WAFER 


SAKURADA, 
MASAHIRO 


10512470 


Not 


90 


10/26/2004 


A SILICON SINGLE CRYSTAL 

WAFPP AXT FPTTAYTAT 
W /\r J3tv ? Erl 1 AA1AL 

WAFER AND A METHOD FOR 
PRODUCING A SILICON 
SINGLE CRYSTAL 


SAKURADA, 

1V1 /a o/\rl 1 isXJ 


10516347 


Not 
Issued 


100 


11/30/2004 


GRAPHITE HEATER FOR 
PRODUCING SINGLE 
CRYSTAL, APPARATUS FOR 

CRYSTAL, AND METHOD 
FOR PRODUCING SINGLE 
CRYSTAL 


SAKURADA, 
MASAHIRO 


10530557 


Not 
Issued 


90 


04/07/2005 


ANNEALED WAFER AND 
METHOD FOR 
MANUFACTURING THE 


SAKURADA, 
MASAHIRO 
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SAME 




10538878 


7214268 


150 


06/14/2005 


METHOD OF PRODUCING P- 
DOPED SILICON SINGLE 
CRYSTAL AND P-DOPED N- 
TYPE SILICON SINGLE 
CRYSTAL WAFER 


SAKURADA, 
MASAHIRO 


10542376 


Not 
Issued 


30 


07/14/2005 


AN SOI WAFER AND A 
METHOD FOR PRODUCING 
THE SAME 


SAKURADA, 
MASAHIRO 


1 0546693 


Not 
Issued 


41 


08/22/2005 


An soi wafer and a method for 
producing the same 


SAKURADA, . 
MASAHIRO 


10560581 


Not 
Issued . 


30 


02/02/2006 


Method for producing a single 
crystal and a single crystal 


SAKURADA, 
MASAHIRO 


10561205 


Not 
Issued 


41 


02/03/2006 


A method for producing a single 
crystal and a single crystal 


SAKURADA, 
MASAHIRO 


10561865 


7226507 


150 


02/20/2006 


METHOD FOR PRODUCING 
STNGT F PRYSTAT AND 

SINGLE CRYSTAL 


SAKURADA, 

IVrA^AHTRD 
lvi/-\o/An 1 rvw 


11664436 


Not 
Issued 


19 


01/01/0001 


Apparatus for producing a single 
crystal 


SAKURADA, 
MASAHIRO 
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Last Name = IDA 

First Name = MAKOTO 



Application^ 


Patent# 


Status 


Date Filed 


Title 


Inventor Name 


07779788 


5215124 


150 


10/21/1991 


ACCUMULATOR 


IDA, MAKOTO 


09528002 


Not 
Issued 


161 


03/17/2000 


Heat-sensitive recording material 


IDA, MAKOTO 


10364458 


6960553 


150 


02/12/2003 


HEAT-SENSITIVE 
RECORDING MATERIAL 


IDA, MAKOTO 



Inventor Search Completed: No Records to Display. 



Search Another: Inventor 
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Day : Thursday 
Date: 6/28/2007 




Inventor Name Search Result 

Your Search was: 



Last Name = MITAMURA 
First Name = NOBUAKI 



Application# 


Patent# 


Status 


Date Filed 


Title 


Inventor Name 


07557574 


5030017 


150 


07/24/1990 


ROLLING BEARING 


MITAMURA, 
NOBUAKI 


07560445 


5084i 16 


150 


07/31/1990 


ROLLING CONTACT 
ELEMENT STEEL AND 
ROLLING BEARING MADE 
THEREOF 


MITAMURA, 
NOBUAKI 


07572480 


5085733 


150 


08/23/1990 


ROLLING CONTACT PARTS 
STEEL AND ROLLING 
BEARING MADE THEREOF 


MITAMURA, 
NOBUAKI 


07915503 


Not 
Issued 


161 


07/20/1992 


BALL AND ROLLER 
BEARING 


MITAMURA, 
NOBUAKI 


07946638 


5338377 


150 


09/18/1992 


BALL-AND-ROLLER 
BEARING 


MITAMURA, 
NOBUAKI 


08134588 


5427457 


150 


10/12/1993 


ROLLING BEARING 


MITAMURA, 
NOBUAKI 


08242668 


5413643 


150 


05/13/1994 


ROLLING BEARING 


MITAMURA, 
NOBUAKI 


08374179 


Not 
Issued 


166 


01/18/1995 


TOROIDAL-TYPE 
CONTINUOUSLY VARIABLE 
TRANSMISSION 


MITAMURA, 
NOBUAKI 


08512419 


5660647 


150 


08/08/1995 


ROLLING BEARING WITH 
IMPROVED WEAR 
RESISTANCE 


MITAMURA, 
NOBUAKI 


08519643 


5626974 


150 


08/25/1995 


ROLLING BEARING FOR USE 
UNDER HIGH TEMPERATURE 
CONDITIONS 


MITAMURA, 
NOBUAKI 


08536773 


5672014 


150 


09/29/1995 


ROLLING BEARINGS 


MITAMURA, 
NOBUAKI 


08542828 


5853660 


150 


10/13/1995 


A ROLLING BEARING MADE 
OF IMPROVED BEARING 
STEEL 


MITAMURA, 
NOBUAKI 


08683195 


5958155 


150 


07/18/1996 


PROCESS FOR PRODUCING 


MITAMURA, 
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|thin FILM 


NOBUAKI 


08745635 


5855531 


150 


11/08/1996 


COMPONENT PARTS OF A 

TAD f~\Tpv a T TVDC 

CONTINUOUSLY VARIABLE 
TRANSMISSION HAVING 
IMPROVED LIFE 


MITAMURA, 

JNUdUAIs.1 


08763883 


5887015 


150 


12/11/1996 


HEATER MECHANISM FOR 
CRYSTAL PULLING 
APPARATUS 


MITAMURA, 
NOBUAKI 


08877950 


5989694 


150 


06/17/1997 


ROLLING BEARING 


MITAMURA, 
NOBUAKI 


08955294 


Not 
Issued 


164 


10/21/1997 


ROLLING BEARING MADE 
OF IMPROVED BEARING 
STEEL 


MITAMURA, 
NOBUAKI 


09098980 


6171414 


150 


06/17/1998 


ROLLING BEARING 


MITAMURA, 
NOBUAKI 


09108174 


6174257 


150 


07/01/1998 


TOROIDAL TYPE 
CONTINUOUSLY VARIABLE 
TRANSMISSION 


MITAMURA, 
NOBUAKI 


09181911 


6174258 


150 


10/29/1998 


TOROIDAL-TYPE 
CONTINUOUSLY VARIABLE 
TRANSMISSION 


MITAMURA, 
NOBUAKI 


09183630 


6066068 


150 


10/30/1998 


TOROIDAL TYPE 
CONTINUOUSLY VARIABLE 
TRANSMISSION 


MITAMURA, 
NOBUAKI j 


09187607 


6165100 


150 


11/06/1998 


HIGH-CLEANNESS STEEL 
AND TOROIDAL TYPE 
CONTINUOUSLY VARIABLE 
TRANSMISSION INCLUDING 
COMPONENTS SUCH AS 

TTvTDT TT70T ITDT TT niCPC 

IJNrU 1/UU 1 r U 1 DllSCo, 

POWER ROLLER AND CAM 
DISC USING THE HIGH- 
CLEANNESS STEEL 


MITAMURA, 
NOBUAKI 


09226032 


6174085 


150 


01/05/1999 


LINEAR GUIDE BEARING 
DEVICE 


MITAMURA, 
NOBUAKI 


09235052 


6196946 


150 


01/21/1999 


POWER ROLLER BEARING 
OF TOROIDAL TYPE 
CONTINUOUSLY VARIABLE 
TRANSMISSION AND 
METHOD OF 

MANUFACTURING POWER 

TOROTDAT TYPF 
CONTINUOUSLY VARIABLE 
TRANSMISSION 


MITAMURA, 
NOBUAKI 
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09245931 


Not 
Issued 


161 


02/08/1999 


TEMPERATURE- 
INDEPENDENT OPTICAL 
ELEMENT 


MITAMURA, 
NOBUAKI 


1)9272731 


62 1 0542 


150 


1 1 /A A / 1 C\C\ O 

H/04/1998 


PROCESS FOR PRODUCING 
THIN FILM, THIN FILM AND 
OPTICAL INSTRUMENT 
INCLUDING THE SAME 


MITAMURA, 
NOBUAKI 


09339238 


6332714 


150 


06/24/1999 


INDUCTION-HARDENED 
ROLLING BEARING DEVICE 

X X M—J A -J X _L ^ X_J X— # 1 J A. XX VI X l \J X-^ U T X 1— > 


MITAMURA, 
NOBUAKI 


09344380 


6328669 


150 


06/25/1999 


TOROIDAL TYPE 
CONTINUOUSLY VARIABLE 
TRANSMISSION 

X X VI XX T k-/ A "11 K/l X ^ 


MITAMURA, 
NOBUAKI 


09349204 


6176806 


150 


07/07/1999 


CAM DISK FOR TOROIDAL 
TYPE CONTINUOUSLY 

x xx x_> v — t v_x x ^ i ii i v_y v^/ v y v^j x_> 1 

VARIABLE TRANSMISSION 


MITAMURA, 
NOBUAKI 


09358554 


6478894 


150 


07/22/1999 


ROLLING BEARING 


MITAMURA 
NOBUAKI 


09379748 


6152605 


150 


08/24/1999 


BALL BEARING 


MITAMURA, 
NOBUAKI 


0940 1 V 1 7 


a O C O /l A A 

6358440 


1 CA 

150 


r\c\ ir\ ^ /i aaa 

09/23/1999 


PROCESS FOR PRODUCING 
THIN FILM, THIN FILM AND 
OPTICAL INSTRUMENT 
INCLUDING THE SAME 

xx i vi_v w x_-^ hi x^j x x iLi K-/ a ii? x x_y 


"A ITT A X jTT Tr» A 

MITAMURA, 
NOBUAKI 


09697179 


6829053 


150 


10/27/2000 


AIRGAP TYPE ETALON AND 
APPARATUS UTILIZING THE 
SAME 


MITAMURA, 
NOBUAKI i 


09886122 


6413188 


150 


06/22/2001 


TOROIDAL TYPE 
CONTINUOUSLY VARIABLE 
TRANSMISSION 


MITAMURA, 
NOBUAKI 




6646805 


150 


A O /'"l O I 1 *** AA1 

08/28/2001 


APPARATUS FOR VARIABLE 
WAVELENGTH DISPERSION 
AND WAVELENGTH 
DISPERSION SLOPE 


% M T A "A #"T TTA A 

MITAMURA, 
NOBUAKI 


0995741 ^ 


6426022 


150 


09/20/2001 


PROCESS FOR PRODUCING 
THIN FILM, THIN FILM AND 
OPTICAL INSTRUMENT 
INCLUDING THE SAME 

A A ^ V*/ A_J V-/ A^ 111 \J A A A AW k J / V 1 V 1 l_y 


MITAMURA, 
NOBUAKI I 


09984396 


6807335 


150 


10/30/2001 


WAVELENGTH 
CHARACTERISTIC 
VARIABLE APPARATUS 


MITAMURA, 
NOBUAKI 


IUU613U7 


6826318 


1 CA 

150 


02/04/2002 


ATA T» T A T*fc T T -1 T\/*\T A "T»T'~y A T'T ^~V"V T 

VARIABLE POLARIZATION 
PLANE ROTATOR AND 
OPTICAL DEVICE USING 
SAME 


"A M T T"* A "A M T T T~\ A 

MITAMURA, 
NOBUAKI 


10164438 


6900940 


150 


06/10/2002 


OPTICAL APPARATUS AND 


MITAMURA, 
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Udevice Unobuaki 


10278868 


7200297 


150 


10/24/2002 


DEVICE USING A 

\7Tr>TT TAT I \/ J\ A A Pm 

V1K1 UALLY-lMAGbD 
PHASED ARRAY (VIPA) WITH 
AN IMPROVED 
TRANSMISSION WAVE 
CHARACTERISTIC OF 
OUTPUT LIGHT 


MITAMURA, 

XTi^\riT T A V T 

NOBUAKI 


10286779 


6862126 


150 


11/04/2002 


TRANSMISSION 
WAVELENGTH 
CHARACTERISTICS 
VARIABLE OPTICAL 
ELEMENT, AND 
WAVELENGTH 
CHARACTERISTICS 
VARIABLE APPARATUS, 
OPTICAL AMPLIFIER, 

AnTir* a r td axtoxitoctaxt 

UP1ICAL IRANSMISSION 
SYSTEM, AND CONTROL 
METHOD OF TRANSMISSION 
WAVELENGTH 
CHARACTERISTICS, USING 
SAME 


MITAMURA, 
NOBUAKI 


10310900 


7137741 


150 


12/06/2002 


ROLLING BEARING 


MITAMURA, 
NOBUAKI 


10340842 


6909537 


150 


01/13/2003 


DISPERSION COMPENSATOR 
WHOSE TRANSMISSION 
BAND IS FLATTENED 


MITAMURA, 
NOBUAKI 


10341380 


6807008 


150 


01/14/2003 


WAVELENGTH DISPERSION 
GENERATION APPARATUS, 
MUL 1 1-r ALbU MIRROR 
USED FOR WAVELENGTH 
DISPERSION GENERATION 
APPARATUS, AND METHOD 
FOR MANUFACTURING 
THEREOF 


MITAMURA, 
NOBUAKI 


10351376 


7016096 


150 


01/27/2003 


TRANSMISSION 
WAVELENGTH 
CHARACTERISTICS 
VARIABLE OPTICAL 
ELEMENT, AND 
WAVbLbJNLrlH 
CHARACTERISTICS 
VARIABLE APPARATUS, 
OPTICAL AMPLIFIER, AND 
OPTICAL TRANSMISSION 
SYSTEM, USING SAME 1 


MITAMURA, 
NOBUAKI 


10410342 


7037386 


150 


04/10/2003 


ROLLING BEARING FOR ||MITAMURA, 
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CONTINUOUSLY VARIABLE 
TRANSMISSION 


NOBUAKI 


10414308 


6923576 


150 


04/16/2003 


ROLLING BEARING AND 
BELT CONTINUOUSLY 
VARIABLE TRANSMISSION 


MITAMURA, 
NOBUAKI 


10500580 


7129123 


150 


07/01/2004 


AN SOI WAFER AND A 
METHOD FOR PRODUCING 
AN SOI WAFER 


MITAMURA, 
NOBUAKI 


10510695 


7179330 


150 


10/08/2004 


METHOD OF 

MANUFACTURING SILICON 
SINGLE CRYSTAL, SILICON 
SINGLE CRYSTAL AND 
SILICON WAFER 


MITAMURA, 
NOBUAKI 


1.0512470 


Not 
Issued 


90 


10/26/2004 


A SILICON SINGLE CRYSTAL 
WAFER, AN EPITAXIAL 
WAFER AND A METHOD FOR 
PRODUCING A SILICON 
SINGLE CRYSTAL 


MITAMURA, 
NOBUAKI 



Search and Display More Records. 



Search Another: Inventor 



Last Name 



Mitamura 
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Inventor Name Search Result 

Your Search was: 



Last Name = OZAKI 
First Name = ATSUSHI 



Annlication# 


Patent# 


Status 


Date Filed 


Title 


I n vpn fnr* i\l u m p 

IIIVCIIIUI IimIIIC 


07109722 


4794263 


150 


10/19/1987 


APPARATUS FOR MEASURING 
CRYSTAL DIAMETER 


OZAKI, 
ATSUSHI 


07174583 


4973377 


250 


03/28/1988 


CRYSTAL DIAMETER 
CONTROLLING METHOD 


OZAKI, 
ATSUSHI 


07200125 


Not 
Issued 


161 


05/26/1988 


SEMICONDUCTOR MEMORY 
DEVICE WITH AN IMPROVED 
CHARGE TRAP REGION 


OZAKI, 
ATSUSHI 


07222438 


4915775 


150 


07/21/1988 


APPARATUS FOR ADJUSTING 
INITIAL POSISITON OF MELT 
SURFACE 


OZAKI, 
ATSUSHI 


07315084 


4985641 


150 


02/24/1989 


SEMICONDUCTOR INTEGRATED 
CIRCUIT DEVICE HAVING 
SELECTABLE OPERATIONAL 
FUNCTIONS 


OZAKI, 
ATSUSHI 


07614760 


5131974 


150 


11/16/1990 


METHOD OF CONTROLLING 
OXYGEN CONCENTRATION IN 
SINGLE CRYSTAL AND AN 
APPARATUS THEREFOR 


OZAKI, 
ATSUSHI 


K) /oovz4 / 


< i Knfm 
Dioyy / 1 


1 CA 


UJ/ 14/ 1991 


PROCESS FOR PURIFYING 
DIMETHYL-2,6-NAPHTHALENE ! 
DICARBOXYLATE 


OZAKI, 
ATSUSHI 


07776774 


5223078 


150 


10/15/1991 


CONICAL PORTION GROWTH 
CONTROL METHOD AND 
APPARATUS 


OZAKI, 
ATSUSHI 


07825214 


5282166 


150 


01/24/1992 


SERIAL ACCESS MEMORY 
COMPRISING DISCONNECTING 
CIRCUIT BETWEEN SERIAL BUS 
LINES AND PREAMPLIFIER 


OZAKI, 
ATSUSHI 


07829964 


Not 
Issued 


166 


02/03/1992 


METHOD FOR MEASURING THE 
DIAMETER OF SINGLE CRYSTAL 
INGOT 


OZAKI, 
ATSUSHI 


07933375 


5370077 


250 


08/24/1992 


SINGLE CRYSTAL ROD PULL-UP 
GROWING APPARATUS 


OZAKI, 
ATSUSHI 



I II II II II II 1 



http://expowebl:8002/cgi-bin/expo/InvInfo/invquery.pl?FAM_NAM=Ozaki&GIV_NAM-A... 6/28/07 



Inventor Name Search Result Page 2 of 3 



08038102 


5413847 


150 


03/30/1993 


PREPREG AND COMPOSITE 


OZAKI, 

A TCT TOUT 
Al bUbHI 


08059432 


Not 
Issued 


166 


05/04/1993 


METHOD FOR MEASURING THE 
JJIAJVlb J hK Ur A MfNOLc 
CRYSTAL INGOT 


OZAKI, 

A TCT TOUT 

Al oUoril 


Uo 1 DyJKJ 1 




1 ^fi 

1 3U 




onMlUUlNlJUC 1 UK lINLrU 1 

MACHINING METHOD 


C\ r 7 AT/T 

ATSUSHI 


08187769 


5405285 


250 


01/28/1994 


MACHINING ERROR 

Pr\DDCPTIAM A DD ADA XT TO 

L-UKKfcU 1 IUIn ArrAKAl Uo 


OZAKI, 

A TCI ICUI 

Al bUbril 


08302763 


Not 
Issued 


166 


10/05/1994 


PREPREGS, PROCESSES FOR 
THEIR PRODUCTION, AND 
LUMrUol 1 b LAM1IN A 1 bb 


OZAKI, 
ATSUSHI 


08377688 


Not 
Issued 


166 


01/25/1995 


METHOD FOR MEASURING THE 
DIAMETER OF A SINGLE 

LKYb i AL IJNUUi 


OZAKI, 
ATSUSHI 


08487507 


5584930 


150 


06/07/1995 


METHOD FOR MEASURING THE 
DIAMETER OF A SINGLE 

PDVCTAI IMPAT 

LK Y o 1 AL 1INOU 1 


OZAKI, 
ATSUSHI 


08562623 


Not 
Issued 


166 


11/24/1995 


PREPREGS, PROCESSES FOR 
THEIR PRODUCTION, AND 
CUMrUbl 1 b LAMINA 1 bb 


OZAKI, 
ATSUSHI 


08682761 


5985431 


150 ! 


12/10/1996 


PREPREG, AND A FIBER 
REINFORCED COMPOSITE 

\A A TCD TAT 

MA 1 bKl AL 


OZAKI, 
ATSUSHI 


08760963 


5888299 


150 


12/05/1996 


APPARATUS FOR ADJUSTING 

l\If'['f a T DACTTir^M /~\T? AyfTTT T 
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SILICON SINGLE CRYSTAL WAFER This distribution does not undergo much change, even 

though the pulling rate can vary. Because the temperature 
Matter enclosed in heavy brackets [ ] appears in the distribution remains constant, there are predictable relation- 
original patent but forms no part of this reissue specifi- s hj ps between the pulling rate and the defect developing 
cation; matter printed in italics indicates the additions 5 regions as shown in FIG. 1. The pulling rates needed to 
made by reissue. produce these defects developing regions may vary from one 

t^. .... . . . ,. . CZ furnace to another, but these regions are always present. 

Tins application is a Division of application Ser. No. n " . ... , ... * , _ _ 

08/990,187 Filed on Dec. 12, 1997, allowed U.S. Pat. No. For medium velocity pul ing (pulling rate-0.6-0 8 

5 954.873. mm/min), an OSF ring develops at about one half the 

10 distance from the center of the silicon single crystal wafer. 

BACKGROUND OF THE INVENTION The wafer on each side of the ring lias different properties. 

1. Field of the Invention The gate oxide film in the region outside the OSF ring has 
The present invention relates to a silicon single crystal good GOI, while inside the ring of the GOI is poor due to 

wafer used for manufacturing semiconductor devices. The several types of grown-in defects. 

wafer is preferably formed from a silicon single crystal that 15 The types of defects include infrared scattering defects 

has been pulled by the Czochralski method (hereinafter formed while pulling the crystal. Observed by infrared 

referred to as the CZ method). Pulling is defined herein as tomography, this type of defect lias a measured density of 

forming a silicon single crystal rod. Such rods are used as the approximately 10 6 spots/cm 3 . This fault is believed to be a 

raw material of the wafers. kind of oxygen precipitate and has enough thermal stability 

2. Prior Art 20 to remain in the device active region even after the heat 
The silicon single crystal wafer used in semiconductor treatment process, causing deteriorations of the wafer's 

elements is manufactured mainly by the CZ method. The CZ junction leakage characteristics. 

method for pulling a cylindrical silicon single crystal The width of the OSF ring usually ranges from 3-10 mm, 
involves dipping a seed crystal into molten liquid silicon in and has about 10 4 spots/cm 2 , enough to degrade the junction 
a quartz crucible, and then pulling up the seed crystal, while 25 leakage characteristics of semiconductor elements. When 
rotating the crucible and crystal. The silicon single crystal the OSF ring is heat treated, oxygen precipitates develop at 
rod can be pulled at high (0.8-2.0 mm/min), medium a density of 1 0 8 — 1 0 9 spots/cm 3 . The thermally stable oxygen 
(0.5-0.8 mm/min) or low (less than 0.5 mm/min) pulling precipitates actually grow larger under a 1250° C. heat 
speeds in the conventional CZ method. Most silicon single treatment. Accordingly, heat treatments worsen the semi- 
crystals are pulled at high pull-up speeds. * conductor properties of the OSF ring. 

The silicon single crystal pulled by the CZ method as When the pulling rate of the silicon single crystal is 

hereinabove described is prone to oxidation-induced stack- decreased to 0.5 . 0.6 mm/min, as shown in FIG. 1(B), the 

ing faults (OSF) that form a ring in the wafer made from the diameter of the OSF ring shrinks toward die center of the 

crystal under thermal oxidation process (for example, 35 wafer. With the area outside the ring enlarged, the GOI is 

1 000-1 200° C.x 1-1 Ohr). It is known that the ring formed by improved, but now dislocation clusters appear at the per- 

OSF shifts toward the periphery of the single crystal as the pendicular region of the wafer. This ring of dislocation 

pulling speed is increased. At present, high velocity pulling clusters is roughly 10-20 um size and contains 10 3 spots/ 

rate wafers are used to manufacture LSI. These wafers are cm 3 . It is well-known that dislocation clusters also cause 

formed from silicon single crystal that has been pulled at a degradation of the characteristics of semiconductor ele- 

relativcly high pulling speed (1,0-2.0 mm/min) to shift the mcnts. 

OSF ring to the outermost periphery of the single crystal. Silicon single crystals pulled by conventional CZ meth- 

There exist several types of minute defects (called grown- ods contain a l-2x!0 18 atoms/cm 3 concentration of oxygen 

in defects) in silicon single crystal pulled at such high impurities. Oxygen contamination is caused by oxygen 

pulling rate, that deteriorate the gate oxide integrity (GOI) of 45 deposition during the heat treatment step (for example, 

MOS devices. Moreover, such grown-in defects are ther- 600-1150° C. for 10-70 hr) in the device processing. The 

mally stable, and remain in the active region near the wafer oxygen precipitates act as a site for gettering heavy metal 

surface, where they deteriorate not only the GOI but also the contaminants during the device processing and cause deg- 

junction leakage characteristic (e.g. M. Horikawa et al., radation of the device characteristics. 

Semiconductor Silicon, 1 994. p 987 the contents of which 50 Greater oxygen precipitates inside the OSF ring increases 

are hereby incorporated by reference). the gettering capacity (called IG capacity), while outside the 

'Hie increasing level of integration of MOS semiconduc- OSF ring, where dislocation clusters are produced, oxygen 

tor elements like LSI has generated demand for thinner gate precipitates hardly takes place, and IG capacity is low. 

oxide films resulting in a shallower diffusion layer of the For crystals pulled at a medium velocity of 0.5-0.8 

source-drain. Thinner gate oxide films require an enhanced 55 mm/min pull-up speed, an OSF ring is formed. The high 

GOI of gate oxide film and a reduction of the junction density of defects that develop both within and around the 

leakage current, llie high pulling rate wafers presently being ring make wafers made from these crystals unsuitable for 

used for LSIs arc inferior in these critical properties, making manufacturing highly integrated semiconductor elements, 

it difficult to develop highly integrated MOS semiconduc- ] n contrast, wafers pulled al a low velocity with a pulling 

lors * 60 rate of 0.5 mm/min or less, as shown in FIG. 1C do not form 

Recently, a method of pulling single crystals at medium or the OSF ring, nor the infrared scattering defects that occur 

low pulling rales of 0.8 mm/min or less, was proposed in inside this ring. However, dislocation clusters develop all 

Provisional Patent Publication No. Hei 2-267195. Silicon over the wafer. Dislocation clusters give rise to lowered 

single crystal wafers raised at these pulling rates also suffer device characteristics and increased IG capacity as was 

from poor quality. 65 hereinabove described. Jlius, low pulling rate wafers are 

Generally, the temperature distributions inside the single also not suitable for manufacturing highly integrated semi- 
crystal depends on the hot zone structure of the CZ furnace. conductor elements. 
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Silicon single crystals pulling by conventional CZ meth- In the present invention, the temperaftire gradient near the 

ods develop deleterious defects at high, medium and low outer surface of the crystal is preferably controlled by 

pull-up speeds. Thus it appeared impossible to produce inhibiting the flow of heat from portions of the crystal near 

wafers suitable for manufacturing highly integrated semi- the molten silicon to cooler portions further away from this 

conductor elements using this method. 5 P°int. Accordingly, the present invention preferably pro- 
vides for crystal pulling equipment that is configured to 

SUMMARY OF THE INVENTION prevent excessive heat transfer up from the molten silicon 

Accordingly, one object of this invention is to provide and thrau * h the outer surface of the CI ^ staL 

high quality silicon single crystal wafers pulled by the CZ ne silicon single crystals of the present invention, which 

method, that are substantially defect free. 10 ma y P^fcrably be made by the process of the present 

„ . . . . , „ invention, are essentially defect free, containing less man 

Another object of the invention provides a process of ioo spots/cm 3 , preferably less than 10 spots/cm 3 , even more 

making low defect silicon crystal wafers. A ftirther object of preferab | y less than , l/cm 3. These si |e taIs are 

the invention provides for using these wafers to develop rcfcrabl cut int0 wafcrs mat arc prcfcrab i y manufactured 

highly integrated semiconductor elements, including MOS m{Q semiconductor elements, preferably for use in semicon- 

semiconductor elements. « duQ{Qr m om embodimenl5 lhe wafenj m 

ITiese and other objects of the present invention have use d in highly integrated semiconductor elements, such as 

been satisfied by the discovery of the process of pulling MOS semiconductor elements and LSI elements, 

silicon single crystals using the CZ method over conditions m conventiona! CZ methods for pulling silicon single 

that produce very few defects in the crystal. ^ crystals? thc tcmpcraturc gradicnt is largcst ncar mc surfacc 

BRIEF DESCRIPTION OF THE DRAWINGS of the crystal and smallest at its center. This difference in the 

temperature gradient is attributed to how heat is supplied to 

A more complete appreciation of the invention and many meh the silicon inside me cz ftlmace ]n conven t iona i C Z 

of the attendant advantages thereof will be readily obtained crysta , pulling equipment, the heating element is positioned 

as the same becomes better understood by reference to the below the crysta , Xhemial current flows from the solid , 

following detailed description when considered in connec- Hquid interface upward along the axis of {he crysta , and then 

tion w.th the accompanying drawings, wherein: outwards in the radial direction toward the periphery of the 

FIG. 1 shows schematic views of defect distributions in crystal. Excess heat is removed at the upper periphery of the 

silicon single crystal wafers pulled by the CZ method; crystal away from thc solid-liquid interface, causing a larger 

FIG. 2 is a graph showing the relationship (V/G curve) 30 temperature gradient at the crystal periphery, compared to 

between the position in the radial direction of the crystal on the crystal center. Conventional CZ furnaces are usually 

the abscissa and the V/G value on the ordinate. The faults designed for rapid cooling causing G to increase at the 

distribution indicate the effect of the slope of the V/G curve crystal periphery, and V/G to decrease in the radial direction 

on the development of defects; from the center toward the periphery. For such a CZ 

FIG. 3 indicates effect of the level at which the V/G curve 35 furnance, even when the V/G value at the crystal center is in 

is drawn in the graph showing the relationship (V/G curve) the no-fault region of FIG. 2, it decreases enough near the 

between the position in the radial direction of the crystal on periphery to traverse the region where the dislocated clusters 

the abscissa and the V/G level on the ordinate. The fault appear. 

distributions indicate the effect of the crystal length on the In contrast, a CZ furnance that prevents the crystal from 

development of defects; 40 cooling rapidly has heat flow more directed up through thc 

FIG. 4 is a schematic view showing the defect dislribu- crystal center instead of escaping at the crystal periphery, 

tions on a plane containing the crystal axis; and This results in the temperature gradient at the crystal periph- 

F1G. 5 displays the ways in which the development of er y t0 be et » uaI to or even smaller than the temperature 

defects are precluded over the full length in the axial gradient in the center of the crystal. Consequently, a CZ 

direction in the graph showing the relationship (V/G curve) 45 farnance that permits little crystal cooling maintains con- 

between the position in thc radial direction of the crystal on stant V/G values in Ae radial directi ° n from the cr ystal 

the abscissa and the V/G level on the ordinate and the fault center a11 me wa y t0 ,ts Pinery. Accordingly, using such 

distributions. a CZ furnace permits crystals to form in the no-fault region, 

throughout thc entire radial direction of thc crystal. As a 

DETAILED DESCRIPTION OF THE 50 result, a low pulling rate crystal can be made having no OSF 

PREFERRED EMBODIMENTS ring near the center and no dislocation clusters near its 

According to the method of the present invention, a periphery, 

silicon single crystal is preferably formed using the CZ The diameter of the OSF ring varies depending on the 

method, wherein the ratio of the pulling rate, V (mm/min), pulling rate of the crystal. The ring diameter shrinks with 

to the temperature gradient, G (mm/° C), is 0.20-0.22 55 decreasing pulling rate. The OSF ring diameter is sensitive 

mm 2 /° C. min at the center of the crystal, and 0.20mm 2 /° C. to the hot zone structure of the crystal pulling equipment; 

min or more at thc outer surfacc of the crystal. In a preferred crystals pulled with equipment having different hot zone 

embodiment of the present invention, the V/G ratio has structure of the CZ furnace will have different OSF ring 

different ranges in two concentric regions of the silicon diameters even at the same pulling rate, 

single crystal. In the first concentric region, defined from the 60 Two parameters are critical for controlling the diameter of 

center of the crystal to a first region outer boundary that is the OSF ring; the single crystal pulling rate V (mm/min), and 

preferably 20-40 mm, more preferably 25-35 mm, even the inside-crystal temperature gradient G (° C./min) in the 

more preferably 30 mm, inside of the outer surface of the direction of the pulling axis (also called the axial direction) 

crystal, the V/G ratio is maintained at 0.20-0.22 mm 2 /° C. in a high temperature zone from the melting point of silicon 

min. In the second concentric region, defined from the first 65 to 1300° C. OSF ring diameter can be determined by the 

region outer boundary to thc outer surfacc of thc crystal, the ratio of V/G, regardless of thc crystal pulling equipment 

V/G ratio is maintained at 0.20-0.33 mm 2 /° C.-rain. used. 
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Manipulating V/G in order to eliminate the OSF ring does pulling rate. This makes the formation of a defect free silicon 

not necessarily produce a low defect silicon single crystal single crystal impossible at any pulling rate using the 

Two grown-up defects including infrared scattering faults conventional CZ method. 

and dislocation clusters can remain in the crystal. The V/G value decreases near the periphery of the crystal 

The V/G value effects the density and distribution of all 5 because the radial temperature gradient inside the crystal is 

types of defects in the crystal. Temperature distributions larger at the periphery than at the center. Thus with V set 

from the shoulder of the single crystal to the solid-liquid constant, the V/G value decreases when going from the 

interface at 100 mm intervals were determined by global center to the periphery of the crystal. Because of this, it is 

heat transfer analysis model (S. Miyahara, S. Kobayashi, T. impossible to make the wafer free of defects all over its 

Fujiwara, T. Kubo and H. Fujiwara: J. Cryst. Growth 99,696 10 radial direction, notwithstanding the availability of a pos- 

(1990), and T. Fujiwara, S. Inami, S. Miyahara, S. sible range of V/G where defect free occur as shown in FIG. 

Kobayashi, T. Kubo and H. Fujiwara; J. Cryst. Growth 2 - 

128,275 (1993) the contents of which are hereby incorpo- For example, when V is V,, the OSF ring develops at the 

rated by reference). In this heat transfer analysis, if the effect ' outermost periphery of the waver, and the infrared scattering 

of convention inside the melt on the temperature distribution l5 defects occur inside thereof. This is typical behavior for the 

is not taken into account, then the result will give a solid- ' high velocity pulling rate silicon single crystal. As V is 

liquid interface configuration different from the actual one. aIlered to sIower P ullin S V 2 ™d V 3^ <he OSF ring 

Due to this effect, it is understood that the temperature develops at the intermediate positions a no-fault region is 

distribution at the high temperature zone, particularly near *° rm f d outsi t de , the rin &' and . infrared , s catterin g faults 

the solid-liquid interface, might be somewhat different from ?0 de y elo P ,nside * e nn S" This J s ^P' c r al , fo / f ^mediate 

the actual one. In order to overcome this problem with the 2 ° ra t is,1 }f' c ^ s P. ond \ to r( F1 p- \ A ' As , V fu f rt ^ er 

analysis model, and obtain a more accurate temperature d ™™7 X ff ? f I 

t • . I « • • . f o • wafer, leaving the defect free region outside thereof, but in 

dis nbution at the high temperature zone, the configuration the outermos f peri phery dislocation clusters appear. At even 

of the solid-liquid interface of each position was measured slower m rates v the QSF ring disappears from the 

with an actual crystal. Then with the temperature at the 25 cenler md dislocation clusters form throughout the entire 

interface as the melting point of silicon, and taking this wa f en This corresponds to the lower pulling rate silicon 

temperature and the temperature at the crystal surface given s j ng i e crystal wafer shown in FIG. 1C. Even if the crystal 

by the aforementioned heat transfer calculation as the pulling could keep V/G in the range of 0.20-0.1 1 mm 2 /° C. 

boundary conditions, the axial temperature distribution min where defect occurs at the center, dislocation clusters 

inside the crystal was again calculated, and from this cal- 30 will develop outside the center due to decreasing V/G values 

culation the radial temperature distribution along axial direc- with increasing distances from the center of the crystal, 

tion of the crystal was calculated. The radial direction of the FIG. 2 shows that if it were possible to keep the V/G value 

crystal extends from its center axis out to the crystal's from decreasing near the periphery of the crystal then the 

periphery, perpendicular to the axial direction. Taking the development of defects would be preventable. The present 

radial direction position on the abscissa and the V/G value 35 invention was a modified CZ method to pull silicon single 

on the ordinate, the defects distribution are depicted in FIG. crystals such that the V/G value does not significantly 

2. decrease at the periphery of the crystal, The constant V/G 

As is evident from FIG. 2, where the V/G value is not value over the entire radial distribution of the crystal is 

more than 0.20 nun 2 / 0 C. min, the dislocation clusters are achieved by optimizing the structure of the hot zone of the 

formed over the entire radial cross section of the crystal. As 40 crystal pulling equipment. Thus, the present invention pro- 

the V/G value increases from 0.20 mm 2 /° C. min, the crystal vides for the formation of a defect free water with the CZ 

structure shifis from the defect free region to OSF ring and method that has up to now been impossible, 

finally to the infrared scattering delect region. The defect G is measured along the axial direction of the crystal as 

free region can only extend across the entire radial direction determined by the aforementioned integral heat transfer 

of the crystal when the V/G value is constant (0.20 mm 2 /° 4S analysis model. Different values of G can be given by 

C. min). The upper boundary of V/G for forming the defect different calculation methods. Therefore, depending on the 

free region is (0.22 mm 2 / 0 C. min) moving from the center calculation method of G, the V/G value that provides defect 

of the crystal to a distance of 30 nun inside its periphery. free crystal formation may be different than 0.20-0.22 

From this point to the crystal periphery, the defect free min 2 /° C. min. The relative positions of the defect forming 

region expands over a much wider range of V/G. Even 50 and defect free regions in FIG. 2, however, will not change 

though hot zone structure of crystal pulling equipment can with the different calculation methods used to determine G. 

vary, the variety of defects in the silicon single crystal wafers The wafer of this invention, being a low pulling rate wafer 

will be distributed in conformity to this graph. i n which the OSF ring is obliterated at its center, does not 

FIG. 2 shows that when the pulling rate is V 1? the infrared contain the ring nor infrared scattering faults that typically 

sea tiering defects occurring the crystal region where the V/G 55 occur inside thereof. Further, the dislocation clusters that 

curve traverses the infrared scattering vault developing form on the outside of the ring are also absent. Accordingly, 

region, and the OSF ring develops in the crystal region a high quality wafer having fewer than 100 spots/cm 3 , 

where it tranverses the OSF ring developing region. Thus, preferably fewer than 10 spots/cm 3 , even more preferably 

for a pulling rate of V 2 , the OSF ring develops at the less than 1 spot/cm 3 is provided. 

outermost periphery of the wafer, and the infrared scattering 60 The temperature gradients along the length of the forming 

defect forms in the range inside thereof. Lower pulling rates silicon single crystal are not necessarily constant. As the 

are represented in FIG. 2 as V 2 , V 3 , V 4 , and V 5 . crystal is pulled, variations in the temperature inside the CZ 

FIG. 2 demonstrates that in pulling a silicon single crystal furnace cause changes in the temperature gradient of the 

by the CZ method, there can exist V/G value where no crystal. In the conventional CZ method, these variations in 

defects are formed in the single crystal. However, in the 65 the temperature gradient cause changes in the V/G values 

conventional pulling methods, the V/G value decreases large enough for defects to develop in the crystal (refer to 

close to the periphery of the crystal, irrespective of the FIG. 3). 
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To compensate for changes in the temperature gradient, 0.22-0.20 mm 2 /° C. mill, particularly in the neighborhood of 

G, of the crystal, the pulling rate, V l is adjusted so that a the 400 mm level, the V/G level is maintained in the range 

constant V/G may be achieved (refer to FIG. 5). In this way, of 0.22-0.20 mm 2 /° C. min from the center to 30 mm fa)m 

it is possible to maintain V/G in the defect free region over the periphery of the crystal, and then increases, but never 

the entire axial range of the crystals. In practical terms, the 5 leaves, the defect free region of crystal formation. Therefore, 

heater power and the pulling rate is changed in combination n0 OSF rin & infrared scattering defects, dislocation clusters 

to maintain the V/G ratio in the defect free region of FIG. 5. or other deleterious grown-in defects were observed in this 

The small changes required in the heating power and pulling sectlon of the crV5; tal. From 500 nun to the crystal tail, the 

rate to not cause defects to form in the crystal. ~ V/G level at the crv stal center exceeded 0.22 mm 2 /° C. min 

10 and therefore an OSF ring and infrared scattering defects 

EXAMPLES occurred. 

Having generally described this invention, a further Further experimentation showed that the pulling rate 

understanding can be obtained by reference to certain spe- cou] ^ G varie ? l u ° * C ^^°^Jj? e enlire 

cine examples which are provided herein for purposes of ™? ^ngth of the crystal as shown in FIG. 5. The target 

;ii,,of^t;^« \*„u, ™a A* • * * u v i i< pull-up speeds in the axial direction of the crystal were 

mustranon only and are not .mended to be limiting unless is £ aintain ^ y/G ]eve , ^ q.22-0.20 min 5 /" C. min 

erwise speci l . m ^ f rom me center 0 f crystal to a radial position by* 

One embodiment of the present invention is described as 45 mm therefrom, and V/G slowly increased from this point 

follows: to the crystal periphery. Operation conditions, except for the 

A CZ furnace capable of pulling a 6" single crystal was pulling rates, were identical to the previous example. A 

made by placing ail 1 8" quartz and carbon crucible inside a 20 boron doped single crystal of 6" <100> and 1300 mm in 

cylindrical carbon heater. A semiconical radiation shield length was pulled. The distribution of defects occurred in the 

made of carbon 5 mm thick and with a 200 mm opening crystal were examined as above. No OSF ring, infrared 

diameter is installed around the crystal being pulled. A heat scattering defect or dislocation cluster were found in the full 

insulator is placed around the carbon as well. Various axial length of the crystal. 

configurations of the crucible, carbon member, and insula- 25 ^ silicon sin g le cr ystal wafer made by the method of the 

tors were investigated for control of the V/G value using a present invention, is thermally very stable, and is suitable for 

global heat transfer calculation model. These investigations ? e active la y er of a semiconductor device. These wafers can 

determined the optimum pulling rate for the crystals to be used t0 'P™ duce high yields of gate > oxide films with good 

maintain a V/G level in the defect free region over the entire Jun r ctlon lea ^f characteristics and long lifetimes. The 

axial length of the crystal. The calculation results are shown 30 Tr? f ^, "T 

in FIG. 3* In this graph, 0, 1 00, . . . and 700 mm indicate the *" h * C f ^'con single crystal wafer,. 

crystal pulling length. ™ c t P rcs ??' a f! ^i™ * ? H base <? ™ Ja P anese g a en 

An 1 • . . application HEI 7-158458 Filed with the Japanese Patent 

After determining the aforementioned conditions, 65 kg office on May 31, 1995, the entire contents of which are 

oi high purity polycrystal silicon was put in the 18 M quartz 35 hereby incorporated by reference. 

crucible. This polycrystal silicon doped with boron was Having now fully described the invention, it will be 

melted by heating, and then a 150 mm single crystal with apparent to one of ordinary skill in the art that many changes 

<100> crystal growth orientation was pulled to a length of and modifications can be made thereto without departing 

1300 nun at low pulling rate (0.45 mm/min pulling rate). from the spirit or scope of the invention as set forth herein. 

From the pulled crystal, a 1 .5 mm thick section was cut 40 What is claimed is: 

parallel to the axial direction of the crystal. The section was [1. A silicon single crystal comprising less than 1 spot/ 

dipped in a mixed-acid solution consisting of HF and HN0 3 cm" .]. 

to remove the machining marks, then dipped in a dilute HF 2 - A silicon single crystal wafer, which contains substan- 

solution, and then rinsed with uitra-pure water, followed by tiall y no infrared scattering defects and dislocation clusters, 

drying. The sample was heat-treated in dry oxygen at 800° 45 3 - ^ integrated semiconductor device comprising: 

C./4 hr+ 1 000° C./l 6 hr, and examined by X-ray topography A silicon wafer according to claim 2, or a fraction of said 

for defect formation. The distribution of defects are as wafer. 

shown in FIG. 4. The defect distributions examined were 4 ^ integrated semiconductor device of claim 3, 

found to be corresponding to the calculation results given in wherein said device is selected from the group consisting of 

FIG. 3. It should be noted that the numerals on FIG. 4 so MOS semiconductor devices, and LSI devices, 

indicate the lengths, as measured from the shoulder of the . S \ A *}}}?™ sin 8> e C ^ Stal wafer > whl f h c ° n f ins , an I OSF 

singled Toi 0 ^ 

oping region. 

ITie ratio V/G of the pulling rate V to the temperature 6 . An integrated semiconductor device comprising: 

gradient G in the axial direction of the crystal from the 55 a silicon wafer according to claim 5, or a fraction of said 

melting point of silicon to 1300° C., as determined by the wafer. 

aforementioned integral heat transfer analysis model, is 7< ^ integrated semiconductor device of claim 6, 

nearly constant in the range irom the center of the crystal to wherein said device is selected from the group consisting of 

a position at a distance of 45 mm therefrom in its radial MOS semiconductor devices, and LSI devices, 

direction, and increases slightly from that point to the outer 60 8. A silicon wafer, which is formed from a silicon single 

periphery of the crystal. crystal ingot (except.ones having diameters not more man 75 

The defect free silicon single crystal produced by the mm) that has been pulled by the Czochralski method, 

method of the present invention extends for about 300 mm comprising, exclusively: 

along the length of the crystal. Conventionally, the first 200 an OSF -ring developing region; and 

mm of the crystal has defects because the V/G level does not 65 a grown-in defect free region. 

rise above 0.20 mm 2 /° C. min. From 200 mm to 500 mm, the 9. A silicon wafer, which is formed from a silicon single 

V/G level at the center of the crystal falls in the range of crystal ingot (except ones having diameters not more than 75 
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nun) that has been pulled by the Czochralski method, 
comprising, exclusively: 

an infrared scattering defect developing region; 

an OSF-ring developing region; and 

a grown- in defect free region. 

10. A silicon single crystal, which is pulled using a CZ 
furnace that, at a high temperature range close to the melting 
point of silicon, has an axial temperature gradient at the 
surface of the crystal lower than that at the center of the 
crystal. 

11. A silicon single crystal, which is pulled using a CZ 
furnace that, at a high temperature range close to a melting 
point of silicon, has an axial temperature gradient at the 
surface of the crystal lower than that at the center of the 
crystal, and on condition that the center of the crystal 
constitutes a grown-in defect free region. 

12. A silicon single crystal, which is pulled using a CZ 
furnace that, at a high temperature range close to a melting 
point of silicon, has an axial temperature gradient at a 
surface of the crystal lower than that at a center of the 
crystal, and on condition that the center of the crystal 
constitutes an OSF-ring developing region. 

13. A silicon single crystal, which is pulled using a CZ 
furnace that, at a high temperature range close to a melting 
point of silicon, has an axial temperature gradient at the 
surface of the crystal lower than that at the center of the 
crystal, and on condition that the center of the crystal 
constitutes an infrared scattering defect developing region. 

14. A silicon single crystal, which is formed by creating 
a defect distribution diagram clearly showing a defect dis- 
tribution in relation to a V/G 1 value and a radial location in 
the crystal, defining a hot zone structure such that a V/G' 
curve showing a changes of the V/G* value in a radial 
direction of the crystal passes through a desired region in 
said defect distribution diagram, and pulling the crystal in 
the defined hot zone structure, where V is a pulling rate 
when a silicon single crystal is pulled by the Czochralski 
method, and G 1 is an axial temperature gradient at a high 
temperature range close to the melting point of silicon. 

15. A silicon single crystal according to claim 14, wherein 
the axial temperature gradient G f is a mean value (G) of the 
temperature gradient of the axial direction in a range Irom 
the melting point of silicon to 1300° C. 

16. A silicon single crystal according to claim 14, wherein 
the axial temperature gradient G 1 is determined from an axial 
temperature distribution which is calculated from the tem- 
perature at a surface of the crystal given by a global heat 
transfer model calculation and the temperature (the melting 
point of silicon) at the solid-liquid interface given by mca- 
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suring the shape of the solid-liquid interlace of the actual 
crystal as boundary conditions, 

17. A silicon single crystal, which is formed by pulling the 
crystal by adjusting a pulling rate V such that a V/G* value 
is constant to changes of an axial temperature gradient G' 
associated with the progress of pulling of the crystal, where 
V is a pulling rate when pulling a silicon crystal by the 
Czochralski method, and G* is the axial temperature gradient 
at a high temperature range close to a melting point of 
silicon. 

18. A silicon single crystal according to claim 17, wherein 
the target V/G' value is maintained by keeping a mean value 
of the pulling rate V at a target value while changing the 
pulling rate V in combination with, or independently of, the 
control of heater power to control a crystal diameter. 

19. A silicon single crystal according to claim 17, wherein 
the axial temperature gradient G' is a mean value (G) of a 
temperature gradient of the axial direction in a range from 
the melting point of silicon to 1300° C. 

20. A silicon single crystal according to claim 17, wherein 
the axial temperature gradient G' is determined from a 
temperature distribution which is calculated from the tem- 
perature at a surface of the crystal given by a global heat 
transfer model calculation and the temperature (the melting 
point of silicon) at a solid-liquid interface given by measur- 
ing the shape of the solid-liquid interface of the actual 
crystal as boundary conditions. 

21. A silicon single crystal, which is formed by the 
process comprising: surveying the axial changes in a radial 
defect distribution in the crystal being pulled, setting a target 
pulling rate V in a direction of a pulling axis to maintain the 
V/G 1 at constant value in a direction of the pulling axis, and 
pulling the crystal according to the target V, where V is a 
pulling rate when a silicon single crystal is pulled by the 
Czochralski method, and G' is an axial temperature gradient 
at a high temperature range close to a melting point of 
silicon. 

22. A silicon single crystal according to claim 21, wherein 
the axial temperature gradient G 1 is a mean value (G) of the 
temperature gradient in axial direction in a range from the 
melting point of silicon to 1300° C. 

23. A silicon single crystal according to claim 21, wherein 
the axial temperature gradient G' is determined from a 
temperature distribution which is calculated from the tem- 
perature at a surface of the crystal given by a heat transfer 
model calculation and a temperature (the melting point of 
silicon) at a solid-liquid interface given by measuring the 
shape of the solid-liquid interface of the actual crystal as 
boundary conditions. 
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